INTRODUCTION
Hazardous waste land treatment (HWLT) is a technology that utilizes the in situ, or assimilative, capacity of the soil to achieve treatment and ultimate disposal while protecting public health and the environment. HWLT (1) evaluation of literature and/or experimental data for the selection of constituents most difficult to treat, considering the combined effects of degradation and immobilization (principal hazardous constitutes, PHCs), (2) evaluation of the effects of site characteristics on treatment performance (soil type, soil permeability), (3) determination of the effects of design and operating parameters (loading rate, etc.) on treatment performance, (4) evaluation of the effects of environmental parameters (season, infiltration rate), and (5) comparison of the effectiveness of treatment using different design and management practices to maximize treatment.
The VIP model extends previous work by Short [1] , to take into account more site specific parameters. These [2] .
Laboratory experiments were conducted to observe the sorption and degradation processes for three polynuclear aromatic hydrocarbon (PAH) compounds in soil-water systems. Results (1) where V is the recharge rate in (cm/min), c is the saturated hydraulic conductivity (cm/min), and b is a coefficient dependent on soil properties.
SOLUTION ALGORITHMS
The model Equations (3a) -(3f) are programmed in FORTRAN and solved numerically. The program will run on IBM-PC, -XT, and -AT compatible equipment, and has a built-in editor or accepts input files from LOTUS spreadsheets.
An option for graphical output is provided.
The computer code is designed in a modular structure to provide for convenient enhancement in the future. The modular structure also provides a convenient means for evaluating the behavior of various processes by isolating the modules for independent analysis. The main solution algorithm is divided into four functional modules: loading rates, degradation, phase transport, and sorption. [8, 9, 10] and implicit technique [10, 11, 12, 13, 14] . The advection and dispersion terms of the air phase are formulated as an implicit difference equation:
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The system of Equations (9) 
where all time dependent variables are measured at time t + At, M(j) is the total mass in the control volume (i), and Bw is the local equilibrium coefficient for the control volume. These equations preserve the mass balance of the constituent and impose the local equilibrium assumption. 
Nonequilibrium adsorption/desorption
An algorithm was developed specifically to solve the system of differential equations containing nonequilibrium adsorption/desorption [15] . The performance of the algorithms may be best described by considering the systems of Equations (3a) -(3f) applied to a two-phase (water and soil) environment without dispersion or decay. 
The exact solutions for Equations (12a) and (12b) were obtained [15] and applied using the coefficient values for naphthalene shown later in Table 2 (except with decay equal to zero). An initial concentration of 5.21 micrograms/gram soil was placed in the plow zone. The initial concentration in the water was zero. Figures 1a and 1b show the concentration distribution in the water and the soil after 90 days, for six values of kappa (k) ranging from 0.01 to 1000 per day day. At very high adsorption/desorption rates, (< = 1000) the initial distributions in the plow zone is advected at the retarded velocity: [19, 20] .
RESULTS
The model was run for each of the experimental conditions using literature values for partition coefficients, apparent decay rates, and interpore water velocity. These model results were then compared to the laboratory results to test the ability of the model to simulate the mobility and apparent degradation of selected compounds in a two phase system (soil/water) using literature values for the model coefficients. [21] .
The values for the decay rates were estimated by comparing the mass remaining after 90 days to the initial mass for the columns with the high flow rates. These rates fall within the ranges reported by Sims and Overcash [6] .
The apparent degradation rates have been demonstrated by Park [22] to represent a biodégradation process for anthracene and fluoranthene. For naphthalene, however, volatilization may account for as much as one-third of the "apparent" degradation [22] .
Only apparent degradation literature values were used for these experiments. partition coefficient in the model resulted in an accurate estimation of the mobility of anthracene. However, the measured apparent decay was twice as rapid as the apparent decay at high flow of 0.006 1/day. When the apparent decay rate in the model was doubled to 0.012 1/day, the predicted profile and experimental profile match very well (as shown in Figure 3 ). The calibrated apparent decay rate of 0.012 1/day is well within the range of reported values 0.004-0.21 1/day [6] . The depth-concentration profiles for both the laboratory data and model simulation indicated that anthracene would not migrate more than a few centimeters from the 15 cm plow zone after 90 days. Anthracene High Flow Figure 4 shows that the use of the literature value for the partition coefficient results in accurate estimates of the mobility of anthracene under high flow conditions. Comparison of the moderate and high flow experiments indicates that the apparent decay rate is less for the high flow experiment. (Table 2) , the model predicted a peak concentration reasonably well. Figure 7 shows the model predictions at 30 day intervals and demonstrates the advective transport as well as the dispersive action caused by nonequilibrium adsorption/desorption with kappa (<) equal to 1.0. Figure 8 [21] were used for the partition coefficients in the model simulations of the experiments. Apparent decay rates were estimated from the mass remaining in the columns operated at high flow conditions. These rates were near the lower end of the ranges reported-by Sims and Overcash [6] . The high flow rates appeared to create conditions unfavorable for the apparent decay of naphthalene and anthracene. It was hypothesized that the higher recharge rates might possibly reduce or limit the diffusion of oxygen into the soil or volatilization in the case of naphthalene, causing a reduction in apparent degradation rates.
Compared to moderate flow rates, results at high flow rates indicated that the apparent decay rates were reduced by a factor of 10 for naphthalene, a factor of 2 for anthracene, and no reduction for fluoranthene. The effect of flow rate on decay rate parallels the relative molecular weights of the substances. Naphthalene has the lowest molecular weight and has the widest variation of reported decay rates (Table 2) .
Since the apparent decay rate of naphthalene is the fastest of the three compounds, it is reasonable to assume that less than favorable environmental conditions could have a large effect on the apparent decay rate of naphthalene. Anthracene has a molecular weight between naphthalene and fluoranthene and the magnitude of variation in reported apparent decay rates for anthracene is smaller than the magnitude of variation for naphthalene and [23] .
